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0 optical tranamlaalon flbra having a taparad and portion providad wHh a lana. 



0 A monomode optical transmisalon fibre (1) ia 
daacribed an end portion (5) of wtiicfi lias a tapered 
core (2) and cladding (3). which and portion is pro- 
vided with a lena (7) having a spherical outer surface 
A transparent layer of a cured synthetic material 
<9) whose outer profile (10) is adapted to the specific 
circumstances under which the imnsmlsaion flbra la 
to be used la providad on the lens aubstrate (7) by 
means of a replica tachnique. 
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Optioal transmlsston fibm having a 

The Invention relates to a monomode optical 
transmission fibre iiaving an end portion compriS" 
ing a t^red core and cladding and being pro- 
vided witfi a lens iiaving a spherical out^r surface. 
Tlie invention also relates to a metiwd of manufac- 
turing such a trsismlssion fibre. 

A transrnission fibre and a method of this type 
are known from European Patent Application No. 
0.114.439. As is described in this Application, mon- 
omode optical transmission fibres having a tapered 
cons and daddlng. as compared with transmission 
fibres having a stralgtit and flat end portion, have a 
considerably Hgher coupling efficiency. The cou- 
pling efficiency is fo be understood to mean tiie 
quotient of the radiation intensity received from a 
source by the transmission fibre and the total radi- 
ation intensity emitted by this source. 

The coupling efficiency can ba still furtfwr in- 
■ creaaed by providing the tapered end portion of the 
monomode transmission fibre with a lens. As Is 
described In the European Patent Application No. 
0,114,439, tiiis lens can be arranged by immersing 
tiie tapered end portion of the flbre in a liquid 
transparent material such as glass, withdrawing the 
tapered end portion from the liqiM material and 
allowing the material which adheres to the fibre end 
to solidify to a stable lens shape. The numerical 
aperture of the fibre end Is Increased by the lens 
arranged on the end portion of the transmission 
fibre. The increased coupling efficiency thereby 
obtained is parttcularly Important if the ffere end Is 
anranged opposite a radiation source such as a 
diode laser. 

The drop of material adhering to the end por- 
tion of the fibre after It has been withdrawn from 
the immersion bath and henn the ultimately ob- 
tained lens on tt^ end portion has a spherical 
outer surface. This shape is determined by the 
surface tension in the liquid drop. In a number of 
cases the sphertaal shape is not the ideal shape for 
the lens, notably if the radiation beam presented to 
the transmission fibre has a non-spherical 
wBvefront or if the lens exhibits spherical aberra- 
tions. 

It l8 an obiect of the present invention to pro- 
vide a novel class of optical transmission fibres 
having a tapered end portion and being provided 
with a iena in ««hich the shape of the lena can be 
adapted to the circumstances and which can be 
manufactajred at low cost, The optical transmiasion 
fibre acoQiding to the invention is characterized in 
that a tran^tarent layer of a cured synthetic ntar 
tsrial having a varying thidmess Is provided on the 
lens so that the outer surtaca of this layer has a 
profile deviating from the spherical shape. 



end portion provided wdth a lans. 



This profile may have any desired sh^e, on 
the condMon that the negative of this profile can be 
provided with sufTicientiy great accuracy In a mmild 
which Is used for shaping the still viscous material. 

s In the course of time Applicant has gained great 
experience in the manufacture of objective lenses 
with diameters in the order of mlllirnetrea and con- 
sist of a single iena elentent having one or two 
aapherical refractive surfaces which «b used in 

10 apparatus for reading and/br inscriWng optical 
record carriers now generaUy known under (he 
names of •Compact Disc" or -CD"-playlngs and 
*Laservlsion"-player3. In thla manutacturing meth- 
od use ia made of a so-called repica process, 

IB starting from a preform or lena substrate which is 
usually made of glass. A layer of a transparent 
synthetic material which has been suffidsntiy 
softened Is provided on one or on both refractive 
lens surfaces. This layer is pressed against a 

so mould having the desired surface profile and is 
cured, whereafter the mould is removed and the 
lens tMComes available. The required moulds 
which must comply with very stringent require- 
ments of accuracy in shape and roughness can be 

26 manufactured by means of a htgh<precislan lathe 
which has also been developed by Applicant It has 
been found that when using the lens repDca tech- 
nology, which has been developed for another pur- 
pose, tor opticai transmission fftires having tapered 

30 end portions, these fibres can be {^ven a high 
coupling efficiency in a relaiivBiy simple way. It has 
also been found that Applicant is capable of manu- 
facturing the specific moulds for replica lenses on 
transmission fibres. 

J5 It is to be noted tliat an optical transmission 
fibre having an end portion which Is provided with a 
lens consisting of a cured epoxy resin Is laiown 
from German Patent Application No. 2.535.161 laid 
open to pubUc Inspection. This lens is obtained by 

40 immersing the end portion of the fibre in a bath of 
viscous epoxy resin and, after the fibre has been 
withdrawn from the bath, by heating the resin so 
that it cures. Prior to starting the curing operation 
the soft drop of resin can be pressed into a mould 

46 so that the lens ac^iirBS an adapted shape. How- 
ever, the known fibre has a straight end portion 
Instead of a tapered end portion. It must be con- 
cluded from tire values given for the isns radius. 70 
to 120 mterometera. tiiat the known fibre with tiie 

so lens is a multlmode and not a monomode transmls- 
ston fibre. The German Patent AppBcatlon No. 
2.535.161 therefore doae not have for its abject to 
Increase the coupling efficiency of a monomode 
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transmission fflire. which object Is considered to be 
very intricate and for which a combination of a 
tapered fibre end and a replica lens Is a low-cost 
and successful solution. 

As compared with the lens described in the 
German Patent ApplicaUon No. 2,535,161 th lens 
according to the present invention has the advan- 
tage that the preform or the lens substrate largely 
determining the lens power consists of a material, 
for example glass, which is substantially not ef- 
fected by variations of ambient parameters such as 
temperature and humidity. The synthetic material 
layer Is relathraly thin eo that variations of the 
ambient parameters which do affect the optical 
properties of this layer can only slightly affect the 
opticaj properties of the total lens. The lens which 
according to the German Patent Application No. 
2,535,1 SI is arranged on the fibre end is consider- 
ably larger and consists completely of a synthetic 
material so that its shape and optical properties 
depend on the ambient parameters to a greater 
extent 

The transparent layer which In accordance whh 
the invention Is provided on the lens substrate may 
consist of various synthetic materlais, provided that 
these synthetic matertais can be suffidently soften- 
ed and then cured. Curing may talce place under 
the influence of heat, coid or after a lapse of time. 

However, a prefenred embodiment of the trana- 
mission fibre according to the Invention is further 
chsTBctsflzed In that the layer of cured material Is a 
material which is cured under the Influence of 
ultraviolet radlalion. 

The advantage of this material Is that curing 
takes place rapidly and tiiat the lens substrate and 
the tapered end portion of the fibre are not affected 
during this curing treatment. 

The optical transmission fibre may be further 
characterized in that the layer of cured material has 
an aspliericai outer surface. 

This layer may tfien be con'ecth/e for aberra- 
tions of the lens substrate or for aspheridties In the 
wavefront of the radiation beam presented. 

If the tapered end portion of the transmission 
fibre provided with a lens must be ananged op- 
posite e diode laser whose wavefront is astigmatic, 
tlie layer of cured matsdai may have a norv 
rotationaily symmetrical outer surface in accor- 
daice with a further characteristic feature. TTils 
outer surface may then have, for example, a cylin- 
dricaJ shape. 

The outer surface of the cured layer Is prefer- 
atsly anti-reflective. 

A second feature of ihe present invention re- 
lates to a mettiod of manuteduring the above- 
described optlcai transmission fibre. This metixxl 
starts from a transmission fibrs witti a tapered core 
and cladding on which a lens having a spherical 



outer surface Is arranged. This transmission fibre 
• may be manufactured, for exanfiple, in accordance 
with the m thods described In European Patent 
Appilcations Nos. 0,114,439 and 0,191,197. The 

8 method aco)rd1no to the invention Is characterized 
In that the lens thus obtained is used as a lens 
substrate on which a synthetic material In a suffi- 
ciently soft condition Is provided, whereafter a 
mould having a specific profile la pressed against 

to H, flie synthetic material is cured and the mould is 
rentoved, whereafter the lens on the fibn end 
portion has acquired an outer profile which la the 
reverse of ths mould profile. 

This method is preferably farther characterized 

75 In Oiat the soft syntitetic material is cured by irra- 
diation witii ultraviolet radiation. 

in accordance with a further characteristic fea- 
tijre of tiie method a mould Is preferably used 
which is transparent to uHravioiet radiation. The 

20 . layer of synthetic matBriai can tiien be Imdlated 
via tiie mould and hence evenly so that ttw curing 
treatment proceeds evenly. 

The mettiod may be furttier characterized in 
tiiat a nruiuld is used which comprises a first por- 

25 tion accommodating tiie profile and a second por- 
tion which is secured to tiie first portion and which 
is used to guide tiie and portion of tiie tiwismiesion 
fibrs. By means of such a mould tiie layer of 
synthetic material can be centred correctty witti 

30 respect to tiie fibre core. 

The invention wfil now be deecribed In greater 
dettf I with rBference to the accompanying drawings 
In which 

Figure 1 ahows an optical transmission fibre 
as according to tiie invention, 

figures 2a and 2b show two mutually per- 
pendicular cross-sections of a rspiica lens In a first 
embocSment of the transmission fibrs according to 
ttte Invention, 

40 Figure 3 is a cross-sectionai view of a rap- 

nca lens in a second embodiment of ttiis tianamls- 
sion fibre, 

Rgure 4 shows a first poesfbiBty of obtaining 
a tapered end portion provided witii a lens, 
« Rgures 5, 6 and 7 show ttie different pro- 

cess steps of a second metiiod of obtaining a 
tapered fibre end portion provided whh a lena, 

Rgure 8 shows how a syrrttietic material 
layer having a special profile Is provided on tiie 
so lens suiisbvte and 

Rgure 9 shows an embodiment of tiie mould 
used for ttiis purpose. 

The transmission Ibre 1 shown In Rgure 1 
comprises a core 2 and a daddlng 3. The rafivc- 
06 tive index n2 of tiie core material Is sfightty different 
fram that (ni) of tiie daddlng material so ttwt most 
part of the tght entering ttie fibre core is guided 
through ttie core via tiie mechanism of tdal raflec- 
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tton from th© core-to-cladding tnterfacea. The re- 
fractive index n2 of the cladding material is. for 
example, 1-47 H this material is quartz and the 
refractive index m of the core matsriai Is, for exarn* 
pie, O^o higher. The transmission fibre described 
here is a monomode fibre, which means that only 
radiation of a specific mode can propagate in the 
fibre core. In such a fibre the core diameter Is 
sutMtantiaily smaller than the cladding diameter. 
For example, the core diameter is approximately 7 
micrometres and the cladding diameter is approxi- 
mateiy 12S micrometres. 

The greater part of the transmission fibre is 
straight The end portion 5 fs, hovirever, tapered. To 
increase the coupling efnciency a lens 7 having a 
spherical outer surface 8 is arranged on the fibre 
end portion 5. This lens preferably consists of 
glass, for exampte of the type SFfiS, BK1, BK3 or 
TIKI. The lens converges the radiation entering 
through its outer surface and oiiginating, for exam- 
ple from a radiation 8oun» on the end (lace 6 of the 
fibre 1. 

Acconfing to the invention a transparent layer 
of a synthetic matsriai 6 having a non-uniform 
thidcness is provided on the sphericel outer surface 
a of the lens 7. The outer surface 10 of this layer 
has, for exampte an aspherfcal profile. The shape 
of this surface depends on the circumstances un- 
der which the transmission fibre is to t>e used. 

if the transmission fibre must receive and 
transmit radiation which originates from a diode 
laser emitting an asiigmafie wauefront, the layer 9 
has a non-rotatlonally eymmstrtcal surface. The 
diode laser raf^red to has a strip-shaped radalfon- 
emttfa'ng surface and the radiation beam smitled ty 
this surtace has a wavefront whose radius of cur- 
vature in a plme perailel to Ihe strip is diferem 
from the radius of curvature In a plane perpendk»- 
lar to the strip. By using a non-rotationaliy syromet- 
rieal lens element having different powers in two 
mutually perpendicular directions, for example a 
cyTinder lens, the laser wavefront can be adapted 
to a rotationany symmetrical optical system which 
is a transmission fibre. Figures 2a and 2b show two 
mutually perpendicular cross-sections of a lens 7 
having a cylindrical layer sr, 

. n the lens 7 is found to exhibit abenrations or if 
the wavefront of the laser iseam which must be 
received exhibits aberrations, a layer 9 having a 
rotationaliy symmetricai aapftsrical outer surface 
can be provided on the tens 7. An aspherlcal 
surface is understood to mean a surface whose 
basic shape is spherical but which comprises por- 
tions deviating from the basic shape In order to 
reduce spherical aben^'ohs. Figure 3 Is a cross- 
sectional view of a lens substrata 7 with a synthetic 
material layer 9 hwring an esphericai outer surtace 
10. 



It Is to be noted that the thickness of the 
synthetic material layers and the gradients in the 
outer surface are shown greatiy exaggerated In 
Figures 2a, 2b and 3. Notably the asphericsl layer 

5 is proportionally considerably thinner and more 
spherical in practice. 

The syrtthetic material layer may have a rela- 
ttvely high refractive index which is otherwise equal 
as much as possible to ftiat of the material of the 

70 lens substrate 7. in order to prevent reflections at 
the transHton between air arid cyntiietic material 
layer, an anff-reflection coating It may be depos- 
ited on tfie synthetic meterlal layer. Another pos- 
sibility is to render the outor surface 10 of the lens 

16 anthreiiective by giving the surface a sub-micron 
relief structure whose diffierancas in height and the 
dstances between the tops are of the order of 
several tens to several huncfaBd nanometres. Such 
an antl-reflecting relief structure Is described in 

ao "Optica Acta". 1982, Vol. 29. No. 7. pages 993- 
1008. 

The method of manufacturing the optical trans- 
mission fibre win now be described in greater de- 
tail. For the sale of completeness, the manner in 

26 which the tapered fibre end portion 5 with the lens 
substrate 7 is obtained will be described first 

A straight transmission Warn is used for this 
method. This fibre can be stretched in an arc di- 
scharge until it breaks. The two halves of this fibre 

so then have acquired a tapered end portion with a 
rounded top iZ. One of these lialves is shown in 
Figure 4. The shape of the tapered end portion and 
the radius of the rounded, top 13 are determined by 
the speed of stretching. The rounded top has a 

3S radius of, for example. 12J5 micromeires. This top 
may mchtoit a lens fonction. 

In a method which is preferably used for ob- 
taining a tapered tnemsmission fibre with a lens 
shape a straight transmisston fibre is used again 

40 which Is first stretched over a spedflc distance In 
an ara In the fibre 14 thus obtained a scratoh 16 Is 
made by means of a scrtoer 16 of a circle-cutting 
apparatus as is shown in the upper part of Rgure 
5. Subsequently the fibre is stretched further until it 

46 breaks, the fracture surface being a flat surface at 
the location of the scratch. Tiuis, two tapered fibres 
4 with fiat end faces are obtained as is shown in 
the tower part of Ftgurs 5. 

When the straight transmission fibre is 

so stratohed. is It possible to pull at both ends of the 
fibre. However, it has been bound that a better 
result Is obtained If one end of the straigM fibre is 
Immobilised and only Ihe other end of the fibre is 
pulled at Of the fibre portions obtained after frac- 

SB iure of Ihe straight fibre the immobilised portion 
has a substantiaily shorter tapered end portion, tar 
example 125 mtorometers than the fibre portion 
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which has been pulled at The transmission fibre 
with a shorter tapered end portion has a higher 
coupling efficiency than a transmission fibre with a 
longer tapered end portion. 

The tapered end portion with a flat end face 
obtained by means of the methods such as de- 
scribed above can be immersed In a soft malarial 
7 as is shown in Figure 6. This maiariai is prefer- 
ably a glass which has been malted In a crucible 
18 as Is diagrammatically designated by the flame 
10. As is described \n European Patent Appficatlon 
No. 0.114,439 this glass may have a reftacfive 
index m which is considerably higher than that of 
the fibre cons material end It may be, tar example 
of the type SP59 with a refractive index m ■ 1.9. 

As is described in European Patent Application 
No. 0.191,197 a glass is preferably chosen which is 
suitably soft at a tampemture which is lower than 
the softening point of the fibre core or cladding. 
This glass may be. for example of the type BK1, 
BIC3, TIKI or 8F58. 

A type of glass must be chosen whose refrac- 
tive Index does not decrease sutjstantiali/ during 
softanir^ and sutisequent cooling. 

When the fibre end portion is withdrawn from 
the crucible, a part of the material T will adhere to 
the fibre. As a result of the surface tension this 
amount of material having a specific viscosity will 
adopt a specific drop shape, dasl^wted 7 in Figure • 
7. Tlw dimensions and the shape of this drop can 
be influenced by the immersion depth and the 
temperature of the material in the cnjcible 1& 

After the fibre end portlan wHh the dn^ 7 has 
been withdrawn from the crudbie. the drop is al- 
lowed Id cool. In this way a lens is formed on the 
fiat end face 6 of the transmission fibre. 

Another possiUity of giving the tapered end 
portion with flat end face of the fibre a lens shape, 
as Is shown in the lower part of Rgure 5, Is to melt 
the top of this end portion in an are and subse- 
quently allow it to cool. This top then acquires a 
rounded shape. 

According to the invention a layer of a trane- 
parent synthetic material 9, for example a materia] 
wTdch can be polymerized by meens of ultraviolet 
radiation is provided on the lens 7, hereinafter 
referred to as lens substrate, and obtained by 
means of one of the above-mentioned metfiods. 
The synthetic material must be sufficiently soft so 
that It can still be deformed. The tens substrate 
wHh the synthetic material layer ia subsequently 
pressed into a mould 20 which has a profile 21 
which is the reverse of the desired, for axsmple. 
aspherical or cylindrical profile. The synthetic ma- 
terial is sut)8equently cured, for example by means 
of ultraviolet radiation 22 and the mould Is re- 
moved, thereby releaaing the deaired lena without 
further operations lieing reqidred. 



Synthetic materials other than those which can 
be polymerized by means of ultraviolet radiation 
may be used altsmatlvely, such as materials which 
cur under the influence of heat cold or after a 

e lime lapse. 

When using a synttietic material which can be 
polymerized by means of ultraviolet radiation, a 
mould such as a quaru mould which is transparent 
to uitravioiet radiation is preferaUy used. The syn- 

ro thelic material can than be exposed through the 
mould as ia shown in Figure 8 so that the synthetic 
material cures evenly. The ultraviolet radiation for 
curing may also be guided via the fibre 1 and the 
lens substrate 7 to the synthetic material layer. 

IS The mould is praferebiy provided with a means 
fbr guiding the end portion of the fibre as Is shown 
in Rgure 9. When moving the end portion 5 to- 
wards the nrauid, the fibre Is then automatlcslly 
centred oomectiy with respect to Vna profile 21 in 

30 the mould. The nxxjid 20' shown In Figure 9 may 
comprise two portions, the portion 20 which ac- 
commodates the profile to be transfenrsd and the 
guiding portion 24 which is adhered to the portion 
20, for example by means of an adhesive. 

25 In addriion to the desired lens profile 21 . a sut>- 
micron relief structure or moti>eye structure may 
be provided in the mould. The outer surface of Vne 
replica lens can ttien be given both the desired 
profile and be rendered anti-reflective in one pro- 

30 cess step so that additional process steps can be 
dispensed with. The replica lena may of course 
also be provided with a single or mutti-layer anti- 
reflection coating in the oonventionai manner. 

36 

Claims 

1. A mofwmode optical transmission fibre hav- 
ing an end portion comprising a tapered core and 

40 cladding and being provided wtth a lens having a 
spherical outer surface, characterized in that a 
transparent layer of a cured, syntfietic material hav- 
ing a varying thicimsss Is provided on tfie isns so 
that the outer surface of this layer has a profile 

46 deviating from the spherical shape. 

2. A monomode optical transmission fibre as 
claimed in Claim 1. charaderized in that the layer 
of cured material is a material which Is cured under 
the influence of ultra^let radiation. 

60 3. A monomode optical transmission fibre as 
claimed in Claim 1 or 2. characterized In that the 
layer of cured material has an aspherical outer 

4. A monomode optical transmission fltire as 
ss claimed in Claim 1 or 2. characterized In that the 
layer of cured nuterial haa a non-rotationally sym- 
metrical outer surfoce. 
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5. A monomodB optical transmission fibre as 
daiined in Claim 4, characterized in that the layer 
of cured material has a cylindrical outer surface. 

6. A monomode optical transmission fibre as 
claimed in Claim 1, a 3, 4 or 5, characterized In s 
that the outer surface of the layer of cured material 

Is antl-reflectlve. 

7. A method of manufacturing a monomode 
optical transmission fibre as claimed in Claim l, 
using a transmisdon fltxe with a tepered core and to 
cladding on which a lens hawing a sphedcai outer 
surface ie arranged, characterized in that this lens 

is used as a lens substrate on which a synthetic 
material in a suffidently soft concfition is provided, 
whereafter a mould having « specific profile is is 
pressed against it the synthetic material is cured 
and the mould is removad, whereafter the lens on 
the fibre end portion has acquired an outer profile 
which is the reverse of the mould profile. 

8. A method as claimed In Cialm 7, charactar- 20 
Ized in that the soft synttiefic matariai is cured by 
Inradlalion with uitrawoiet radiation. 

9. A method as claimed in Claim 8, character- 
ized in that a mould Is used which is transparent to 
ultraviolet radiation. 2s 

10. A method as daimad 'm Clahn 7, 8 or 9, 
characterized in that a mould is used wtiich com- 
prises a first portion accommodating the profile and 
a second portion secured to the first pisrtlon and 
wfdch' is used to guide the end porton of the so 
transmission fibre. 
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